Proceedings of The Institute of Acoustics

PREDICTING THE NOISE RADIATION FROM BUILT UP MACHINERY STRUCTURES - AN
ENGINEERING APPROACH USING STATISTICAL ENERGY ANALYSIS

G.J, Stimpsen, J.C. Sun and E.J. Richards

Institute of Sound and Vibration Research,
University of Southampton.

INTRODUCTION

Most machinery structures are built up from a number of cooponent parts which
are couplnd togethar in some way - normally by bolting or welding. oOnce the
structure is excitad into vibration by the working of cther forces, vibrational
aenargy will distribute itself throughout the atructure baing tranumittod oach
of the componant parts which than respond and radiate sound. An initial step
in the study of the noise radiation from a particular machine is generally to
identify how much sound ennryy is being radiated by tha individual parts of the
ptructure so that the areas radiating the majority of the sound can be
dotarmined. Numerous tachniquaes have been developed to coparate out the noipe
from opecific regionse on a structure ranging from simple techniques of
component rumoval or partial covar to the measurement techniquas of surface
valocity and sound intansity and to tha signal procossing techoniques of
multiple coherence and correlation methods. However, thesa are all measuboment
tachniques and do not allow any prediction of the effects of changing the
ptructura in any way.

Energy accountancy mathods(l) have been developed to give a predictive
tachniquae for noise control anginesring purposes. The method is based on the
enargy balance betwoen tha vibrational onorygy which is input, Epy, to the
structure and that which is dissipated elither wilhin the structure, Byjgs, Or
radiated as sound, ERap.

i.e. Ery = Eajos + Epan or Epan = EIN - Edips

To apply this technigqua to the sound radiation from the component parta of a
built up structure it is necossary to consldar not only the total input ensergy
and the structural and acoustical characteristics of aach part but also the way
in which the vibrational energy distributes itnelf throughout the structure.

AB wost wachinery structuros are gansrally of such dimensions that the majority
of the scund radiation occurs in tha ragions of high modal densities, classical
mathods of wibrational analysis or finite alemont methods are inappropriate to
prndict the distributions of vibraticnal energy. Statistical methods can offer
a more practical approach, Statistical Ennrygy Analyeie (5ER) techniquos have
been developed by Lyon, Pahy(2.3) and others for many structural wvibration and
gtructural-acoust.ic interaction applications,
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SEA is baned upon a set of power balance equations 1linking the component parts
{ subsystoms) of a coupled system. At a particular subaystem vibrational energy
is eithaer dissipated dua to internal damping {or radiated as sound) or
transmitted to other subsystems as indicated in figure 1 for two subhsyotoms,
The amount of anargy transfer between componente deponds on the coupling
betwoen the particular cumponents and is represented by the coupling loas
factors.

Tha linking of SEA and energy accountancy ideas {both based upon similar ideas
of mnargy balance) is daveloped in detail in reference 4 and leads to tha total
gound radiation from a built up structure to be given by
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whore suffix j = subuystem no; 1 - axcited subsystem ; 4 = thickness;
E = anergy ratio.

Example 1 - Experiments on a two-plate structura

As an initial proving exercisa the methods were applied to predict -the noise
radiation from a simple two-plate structure. Predictions were made For the
plates in both undamped and damped conditions and compared with the sound power

radiation calculated from direct measurements of <vZ>» on the individual plates.
Both stead gtate and transient excitation was uged.

For the measurements the structure was suspended by three light lines as phown
in Figure 2. ‘The internal loss factors of each separate plate both in the
undamped and damped condition had been measured before welding together, the
plates being damped by a proprietary stick-on damping sheet.

FPor steady state excitation the plates were driven using a light coil and
magnet arrangement uging a Wwhite noise source filtered in one-third octave
bands, Vibration measurments wera made using an accelercmeter and digital
sighal analyser, surface velocity being obtained by integration of the
.xespective acceleration spectrum. A desk-top gcientific computer was used for
data manipulation and the SEA computations. Measurements were algo made with
transient excitation using a steel impacting mass swung through a fixed
pendulum arc to achieve a conatant ilmpact force.
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Figures 3a—c show Cthe predicted and meagsured sound power for the comdition
where the smaller plate — plate 2 - was excited, In this condition the
majority of the total sound radiated is From plate 1 - the part of the
structure indirectly excited, Thus the greater part of the total sound
radiation is due to transfer of vibrational enexrgy from the point of excitation
into another more highly radiative part of the structure. This is a common
occurrence in many machinery structures where the working forces may be applied
to some solid thick part of the atructure, but the majority of sound radiation
jis from thinner outer surfaces with larger radiating areas. In each case the
predicted results are shown compared with the sound power cbtained from actual
measurements of the surface valocity of the plates. The results show genarally
good agreement (within 3 dB overall). It must be ‘noted, however, that as a
starting point for the SEA calculations an actual meapurement of the
vibrational energy of the excited plate is used. Therefore the predicted sound
radiation from the excited plate in its original condition (a) should be
jdentical with the measured results as they are in fact both derived from the
same measurement. Some very slight differences are apparent in the results but
this is only due to the diFferent computational routines used Ffor the
calculatcions.

Example 2 — Predicting noipe reductions on a prale model of a punch press

The techniques have been applied to predict the changea in noise radiation
occurring as individual parts of a press atructure were damped. A ‘;5 scale

model of a 200 tonne straight sided press was uped for the experimantal work in
the investigation, individual parts of the structure being damped by F£illing
the hollow sections with sand.

an important factor when applying these techniques to a practical structure is
in the definition of individual subsyutams. Each of the subsystema must be
characterized by an intermal loss factor, coupling loans factor and modal
denaity and for the calculation of sound energy a radiation efficiency. when
modalling a system it is necessary ton identify the characteristics of energy
flow and storage within tha oystam, to define the regions into which the input
power is applied and the paths through which uppreciable ensrgy may flow.
However, fome concessions have to be made batwoen complaxity of the model and
roprosantation of the structure. Two Blightly different reprevantations ware
uned, to reprepant the preos model: a six subsystem SEA network, figure 4{a),
and an aight subsystem network, figure 4{b).

The excitation of the structure of a powsr press during the blanking or
plercing of metal further complicatea the appliation of SEA. 'This axcitation
is a transient release of stored strain enargy from the structure which occurs
as the workpiece material fractures. Thus the trus enargy input is not a
steady state ensrgy flow into one substructure as is assumed in eimplified SEA
reprusentation, hut rather the transiant releage of the initial strain energy
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which is stored throughout all the components of the structure. In
practice the most important energy inputs will ba from those components which
store tha maximum strain energy. Por simplicity in thia analysis it is
angumed that the enrgy input was to the bed plate only, i.e. applied in a
poaition just balow the tool.

Proedicted and meoasured noine teductions for the model, with various parts
damped, are shown in figures 5 a to ¢, 'Tha pradictions generally agree will
with measured reductions within 3 4B in most instances. However, for the case
of the sides only damped, there is some disagreement between pridicted and
muasured resulta, especially for the eaight subsystem model. It is considered
that this is becaune of the difficultioa of accurately representing the
complexly shaped thin side pansls of the press model in the analysis. FPor this
reason the six subsystem representation, where the pide panels wera lumpad with
the side platas, in general gava better agrecment with measured reductions.

CONCLUSIONS

Experimental results have shown that quite good predictions of the noise
radiation from the individual parts of a bullt up structure can be obtained by
- the use of Enargy accountancy and SER ideas. This is especially useful for the
prediction of the effects (and optimisation} of modifications to reduce overall
noige radiation, e.g. increased damping of specific parts, changes of componant
dimansions, method of connection, etc. The accuracy of the results depends
largely upon the accuracies to which the imdividual parameters can be
avaluated. Accurate evaluation of coupling loos factors and radiation
afficiencies can ba especially difficult on the complexly shaped amd connected
component parts of many machinery structures. However, both theoratical and
empirical data may be used and various measuremants made at each stage in the
analysis to check results.
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